The traditional ways of protein extraction is disadvantageous from both economic and environment perspective. In this study, ultrasonic assisted extraction, UAE technique was used for the first time for the optimization process of extracting proteins from Eurycoma longifolia roots. The experiments demonstrated the successful effect of applying eccentric agitation with UAE to provide a combination of agitation and sonication to extract the proteins in short extraction times. Central composite design (CCD) was used to optimize the Ultrasonic-assisted extraction of proteins from roots of Eurycoma longifolia by water. Response surface methodology (RSM) was employed to investigate the effects of five independent variables; particle sizes (A), extraction temperatures (B), agitation speeds (C), amplitude (D) and duty cycle (E). The second enhanced model (Y 2 ) prevailed to be more efficient in protein recovery with optimum conditions of A: 0.022 ± 0.022 mm, B: 49°C, C: 1314 rpm, D: 9 W and E: 63% UI: 2.94 WÁcm À2 was 9.543 ± 0. 946%. High agitation speed didn't only affect the solvent properties, the diffusion of the solutes from the particles, cooling the extraction temperature, but influenced the distribution of cavitation bubbles and their impact on the solid particles. UAE was found to minimize the extraction of the same amount by conventional extraction 7-fold times. The results obtained in this study have exposed the capability of ultrasonic assisted extraction, UAE technology in extraction of protein from E. longifolia roots. Further works are nevertheless required to provide deeper understanding of the mechanisms involved to facilitate the development of optimum system applicable to the industry. Ó 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Eurycoma longifolia (Tongkat Ali Jack) is a well-known plant in treating erectile dysfunction, increasing sexual desire, enhancing muscular ability (Low and Tan, 2007) and improving spermatogenesis (Wahab et al., 2010) . This plant is traditionally consumed by the decoction of its roots (Nordin, 2014) and encouraged the production of various water-based commercial products (Mohd Effendy et al., 2012; Mohamed et al., 2015) . These products have been usually standardized by the yield of the major metabolite eurycomanone (Abdul-Aziz et al., 2014; Abugabr Elhag et al., 2016) at optimum conditions of 100°C and 400 rpm (Mohamad et al., 2010 (Mohamad et al., , 2013 .
However, it is known that conventional procedures suffered from shortcomings of extended durations and high temperatures (Spigno et al., 2007; Stamatopoulos et al., 2013) . Therefore the application of green extraction processes such as ultrasonicassisted extraction (UAE) is encouraged to improve the extraction process intensifications and extraction rates with shorter extraction durations and less energy consumption (Chemat et al., 2017a; Esclapez et al., 2011; Jacotet-Navarro et al., 2016) . UAE is a green extraction technology which is known to increase the yields of targeted phytochemicals (Shirsath et al., 2012) with minimization of product wastes, maintenance costs (Chemat et al., 2017a) and reduction of environmental impacts (Chemat et al., 2017b) .
The mechanisms of UAE depend on the generation of cavitation bubbles that enlarge during the rarefaction cycles and decrease during the compression cycles (Veillet et al., 2010) . After reaching critical sizes during the compression cycles, the cavitation bubbles collapse and the high generated temperatures and pressures create microjets that develop shockwave damages on the solid-liquid interface (Pingret et al., 2013) and penetrate adjacent solid surfaces (Leonelli and Mason, 2010 ) such as plant cell walls (Veillet et al., 2010) .
Even though the implementation of UAE to extract natural products has been widely investigated (Aguiló-Aguayo et al., 2017; Caleja et al., 2017; Fang et al., 2016; Ghitescu et al., 2015; Kadam et al., 2015; Kumari et al., 2017; Mane et al., 2015; Sousa et al., 2016) , few studies have investigated E. longifolia extraction by UAE. These studies focused on screening eurycomanone (Mohd Zaki et al., 2015) , isolating bioactive compounds (Park et al., 2014) and evaluating antibacterial activities (Danial et al., 2013) . Water extractable proteins in E. longifolia roots were scarcely investigated even though they are considered important biochemical markers (Malaysian Standard, 2011) . Few studies focused on protein concentrations (Chua et al., 2014) or their role as biomarkers in authenticating and profiling E. longifolia products (Chua et al., 2013; Nurhanan et al., 2004) . Total concentrations of proteins were investigated by exhaustive conventional methods using prepared standardized extractions , water extracts (Harun et al., 2015) or organic solvents (Khanam et al., 2015) . However, within the numerous studies of protein extraction and recovery from various sources by UAE (Higuera-Barraza et al., 2017; Jiang et al., 2017; Li et al., 2018; Lupatini et al., 2016; Malik et al., 2017; Preece et al., 2017; Roselló-Soto et al., 2015; Wang et al., 2017; Yu et al., 2016) , the optimization of UAE in protein extraction from E. longifolia roots was not investigated.
Response surface methodology (RSM) is collection of mathematical and statistical techniques that are used to optimize, improve and develop functional relationships between the process variables and their interactive effects on response variables. The regression analyses were designed to predict the values of the dependent variables based on the controlled values of the input variables (Myers et al., 2016) .
This study was established to investigate the optimization of protein extraction from E. longifolia roots by UAE accompanied with mechanical agitation. The experimental set was repeated with a higher range of agitation speeds to study the effect of high agitation speed on the efficiency of the ultrasound regiments in protein extraction. Mathematical models for both sets were established to generate quadratic and enhanced models to predict the optimized conditions for protein extraction.
Materials and methods

Sample preparation for extraction
Dried roots of E. longifolia were obtained at University Malaysia Pahang (UMP) under the research Grant RDU 161,601 and RDU 160801. The roots were air dried and pulverized by a SZ-1000A-3 grinder and sieved by a calibrated granulometric sieve GB/ T6003.1-1997 to obtain the desired particle sizes (Table 1) .
Reagents and equipment
All reagents were purchased from Merck (Germany), Sigma Aldrich (USA) and Fisher scientific (UK) and were analytical grade. The conventional part of the extraction was performed by a IKA Ò MAG HS7 hot plate magnetic stirrer while the sonication part was preformed by a QSonica ultrasonic processor Q700 (700 watts, 20 kHz) with a replaceable flat tip ultrasonic probe (length: 127 mm, diameter: 12.7 mm) made from titanium alloy due to its low mass and high rigidity. Bovine Serum Albumin (BSA) was used to establish the standard curve. Concentrations of proteins were investigated using a Hitachi U 1800 UV/VIS spectrophotometer (UK). Ultrapure water was provided by Milli-Q ultrapure water system.
Total extractable protein
The concentration of the proteins was estimated by applying a multistep extraction process (Harun et al., 2015) with modifications. Dried pulverized roots (10 g) with particle size (diameter 0.071 ± 0.017 mm) were macerated with 250 ml distilled water at 50°C and agitation speed 400 rpm for 4 h in a 500 ml beaker. At the end of the process the extracts were separated by filtration in a 1L Scotch bottle and preserved in 4°C and the step was repeated 4 times on the same powdered roots. The accumulative extraction was tested for the total protein content by Lowry method (Lowry et al., 1951; Waterborg, 2009 ).
Extraction procedure
This study applied UAE for protein extraction from E. longifolia roots by a combination of five factors, namely particle size (A), temperature (B), agitation speed (C), amplitude (D) and duty cycle (E). The first set of the agitation speed ranged from 200 to 800 rpm. The experiments were repeated with a higher range of agitation speeds from 800 to 1500 rpm to investigate the effect of high agitation speeds on the efficiency of UAE. Each extraction procedure was established in a 250 ml beaker. The IKA Ò MAG HS7 hot plate provided the designated heat and agitation speed and the temperature was observed with a thermometer until constancy of the selected temperature was reached. Eccentric agitation by a magnetic stirrer was adopted for the setup of the experiment to avoid the undesired vortex phenomenon in mixing processes (Alvarez et al., 2002; Montante et al., 2006) . With the decline of the vortex phenomenon, the ultrasonic probe was located near the center of the water surface (Fig. 1) . The tip of the probe was dipped 30 mm under the surface of the solvent through careful measurements and rehearsals. Amplitude (D) and duty cycle (E) were adjusted in advance. Sonication started once the powdered sample (5 g) was added to the water with constant liquid to sample ratio (40:1). The sonication time was fixed to 5 min. Extracts were immediately filtered by Whatman filter paper No. 1 and preserved at À20°C. All experiments for both sets were triplicated and carried out randomly to minimize any effect of extraneous factors on the observed responses.
Protein isolation and yield (%)
Proteins were recovered by the acetone precipitation method (Rinas and Jones, 2015; Tazi and Jayawickreme, 2016) . Four mL of cooled acetone (À20°C) was added to 1 mL extract in an acetone-compatible tube and vortexed for 60 min. Then the mixture was centrifuged for 10 min at 12,000 g and the supernatant was disposed carefully so the protein pellet would not be dislodged. The step was repeated twice to remove any interfering substance before the acetone was allowed to evaporate in room temperature with precaution of not over-drying the pellet. The pellet then was dissolved in 1 mL of ultrapure water and vortexed. Protein concentrations in all samples and standard solutions were determined by Lowry method (Lowry et al., 1951; Waterborg, 2009) . Yields (%) of proteins were expressed by their percentages of the extracted proteins weights (g) to the plant sample weight (g) according to (Eq. (1)):
where Y is the yield of protein yields, A corresponds to the experimental set 1 or 2, B is the concentration (gÁmL
À1
), C is the whole volume of extract (mL), and D is the weight of the raw sample (g).
Measurement ultrasonic intensity (UI)
The level of energy introduced into the system was expressed by the dissipated ultrasonic power (P) in the water (Eq. (2)). The ultrasonic power was further employed to measure the ultrasonic intensity (UI) (Eq. (3)) (Boukroufa et al., 2015; Carail et al., 2015; Pingret et al., 2012; Sicaire et al., 2016) .
where P is the ultrasonic power (W), m is the water mass (g), C p is the specific heat of the water at constant pressure (4.184 J g À1°CÀ1 ) and (dT/dt) is the initial rate of change of temperature over time (°C s À1 ) which was determined by fitting temperature change obtained by a thermometer against sonication time, UI is the ultrasonic power intensity (WÁcm À2 ), D is the diameter (cm) of the tip of the probe.
Experimental design and statistical analysis
To investigate the performance of UAE of protein yields, response surface methodology (RSM) was employed in Minitab 17 software (Minitab, 2014 ) to achieve maximal data about the extraction process from a minimal number of experiments with a circumscribed central composite design (CCCD). The design optimized the process with three levels (À1, 0, +1) and star points (a = ±1.322) from the center base. This permitted the fitting of the second order model (Eq. (4)) for the effect of the independent variables and their interactions on the protein yields (Myers et al., 2016) .
where Y is the predicted response variable of the yield (%) for proteins; b 0 is the average response obtained at the replicated center point (0, 0, 0, 0) of the CCCD; b n , b nn and b nm are the linear, quadratic and interaction regression coefficients, respectively. The lower, middle and higher coded values for all factors were À1, 0 and 1. The variables were coded according to (Eq. (5)):
where the X i is the coded value, x i is the real value of the independent variable, x i is the real value of an independent variable at the center point and Dx i is the step change. Statistical analyses were employed to determine the standard error of regression (S), coefficient of determination (R 2 ), adjusted coefficient of determination (R 2 adj) and predicted coefficient of determination (R 2 pred ). Adequacy of the models were determined by the p values of the lack of fit tests at significant level of 95% (p > 0.05) (Myers et al., 2016) . The 3D Surface plots were generated in Design Expert (Version 7.1.6; Stat-Ease Inc, Minneapolis, MN, USA) for better visualizations of the interactive effects between the extraction factors.
Enhanced models
Enhanced models for both sets were obtained by eliminating the non-significant terms (p > 0.05) from the full quadratic equations (one-by-one). The remaining significant terms expressed these enhanced models with more accuracy in predicting the protein yields (%) and determining the optimized conditions of the sonication processes.
Scanning electron microscopy (SEM)
Surface morphology of the untreated and UAE treated powdered roots was examined by a Hitachi-TM3030 tabletop scanning electron microscope (Hitachi High Technologies America Inc., USA). The samples were fixed on specimen holders and sputtered with gold then scanned under high vacuum conditions with an accelerating voltage of 15.0 kV and a working distance of 6.8-7.2 mm.
Results and discussion
Experiment setup and main effects of extraction factors
Extraction is the first key step in isolating natural compounds from plants (Samaram et al., 2015) , therefore the performed extraction of the targeted metabolite should be considered by efficiency and reproducibility beside waste reduction awareness of climate change (Chemat et al., 2017a) . In this study, the process was influenced by the UAE regiments and factors including frequency, ultrasonic intensity, temperature and extraction time (Shirsath et al., 2012) in addition to the mechanical agitation that created combined effects with the solvent volume and temperature (Wang and Weller, 2006) . Ultrapure water was used as the extraction solvent this study due to safety and the high solubility of proteins in water (Pace et al., 2004) ; the eccentric agitation illustrated high suitability in the extraction process as it caused various alterations in the flow structure of the solvent (Alvarez et al., 2002; Montante et al., 2006) resulting in the formation and maintenance of homogeneous suspensions of particles to obtain flocculation and collision between particles and solvent (Varzakas and Tzia, 2014) .
Pareto charts for the two sets of agitation revealed that the most common and effluent factor is the particle size (A); other factors differed between the two sets. Temperature (C) was noticed to be significant only with the application of high agitation speeds while agitation speed was only significant with the application of low agitation speed range (Fig. 2) . The main effects of the extraction factors are illustrated in (Fig. 3) . Differences in the main effects revealed that high agitations speeds increased the effect of all factors with various alterations in the behavior of some factors. 
Total proteins concentration in E. longifolia roots
The total amount of water soluble proteins was obtained by adopting the multistep process (Harun et al., 2015) with the above mentioned modifications in (2.3.). The average amount of water soluble proteins yields from 3 samples (10 g) was 15.957 ± 0.381% at the end of the fourth step. This was with agreement with Chua et al. (2013) who stated that the concentrations of E. longifolia proteins ranged between 15.5 and 39.3% according to geographical origins of the plant.
Fitting of models and statistical analyses
The experimental values of the protein yields were employed by CCCD to generate full quadratic models to calculate predicted yields (%). Enhanced models for both sets were established by eliminating the terms with no significant effect (p > 0.05) from the quadratic models (one-by-one) and they were employed to calculate more accurate protein yields (%) ( Table 2) . The highest yield (7.619%) for Y 1 was obtained with the parameter values (A = 0.071 ± 0.017 mm, B = 50°C, C = 800 rpm, D = 10 W and E = 60%). The full quadratic model for this yield (Eq. (6)) was:
The highest yield (8.578%) for Y 2 was obtained with the parameter values (A = 0.071 ± 0.017 mm, B = 50°C, C = 1500 rpm, D = 10 W and E = 60%). The full quadratic model for this set was generated as in (Eq. (7)).
Y 2ðquadraticÞ ð%Þ ¼ 6:246 À 1:690A À 0:491B þ 0:044C 
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Y 1ðenhancedÞ ð%Þ ¼ 2:
Y 2ðenhancedÞ ð%Þ ¼ 6:223 À 1:690A À 0:491B þ 0:497D
3.3.3. Statistical analysis of the models ANOVA tests were conducted in Minitab 17; the statistical results (Table 3 ) illustrated significance of the regression coefficients associated with all the terms of the quadratic models. Other results illustrated that the standard errors of regression (S) for predicted and enhanced models were low indicating reasonable variation within the experimental data around the best fit line. The coefficients R 2 and R 2 adj illustrated high capabilities of the models to represent the experimental data of the obtained yields. Visualization of experimental values versus the calculated values of the predicted and the enhanced models was in accord with the values of R 2 (Fig. 4) . The values of R 2 pred slightly increased with the application of the enhanced models indicating higher capability than the quadratic models to predict the mathematical values of the protein yields. The accuracy of the models were also evaluated by the lack of fit test (Table 4) ; both quadratic and enhanced models revealed adequacy for explaining the models as the p values of lack of fit were insignificant (p > 0.05) (See Table 5 ).
Surface plots of interactive effects
The 3D plots illustrated that the application of different agitation speeds altered the topographical features of the interactive effects for all the extraction factors (Fig. 5) of Y 1 and Y 2 .
Surface plots that investigated the effect of particle sizes (Fig. 5.1-5 .4) illustrated a reverse relationship between the particle size and protein yields for Y 1 (Russin et al., 2007) due to the decline in the average diffusion path within the solid and increase in the exchange area between the solid and the solvent. This accelerated the mass transfer (Campbell and Glatz, 2009) and eventually, enhanced the diffusion mechanism (Chan et al., 2014) . With the application of higher agitation speeds Y 2 an optimum point of protein yields was detected followed by decrease with the increase of agitation speeds; this decrease may be due to the reduction of solute-solvent collisions in high turbulences (Lebovka et al., 2011) in addition to the impact of the vortex effects (Mohamad et al., 2013) .
Determination of a suitable temperature is important to practice a proficient practice of UAE in order to avoid degradation of the bioactive compounds (Meullemiestre et al., 2016) . Therefore temperature was considered as a complex factor in UAE because it was a combination of heat introduced by both the hot plate and ultrasound (Xu and Pan, 2013) . Surface plots (5.1, 5.5-5.7) illustrated the quadratic effect of the applied temperature which caused increase in the protein yields until an optimum was reached followed by a decrease in the protein yields as the temperature increased. This reflected the beneficial effect of moderate temperature (Esclapez et al., 2011) for extracting proteins while high temperature caused a decrease in the protein yields due to protein denaturation by structural alterations and hydrolysis of peptide bonds of proteins that impact the protein functionality such as solubility (Hojilla-Evangelista and Evangelista, 2009) . Sonication processes were preferred in low temperatures accompanied with a control mechanism to limit temperature rise (Sališová et al., 1997) which was inevitable during sonication (Tiwari, 2015) . However, in this study, the mechanical agitation seemed to work as a cooling factor (Taraba et al., 2012) , especially at high agitation speeds. Low temperatures induced lower vapor pressure that allowed stronger collapses of the cavitation bubbles (Tiwari, 2015) while high temperatures resulted in increasing the vapor pressure that could have caused the filling of the voids with water resulting in gentle collapses of the cavitation bubbles (Santos et al., 2009) .
The study illustrated the importance of determining a suitable agitation speed to provide a suitable extraction environment for all the combined factors. Surface plots (Fig. 5.2 , 5.5, 5.8 and 5.9) demonstrated a proportional relationship between the protein yields and the increasing agitation speed until the optimum yields were obtained, followed by a decrease in protein yields due to that extreme agitation speed formations (Mohamad et al., 2013) .
Ultrasound was introduced by a probe tip dipped 30 mm at the center of the solvent surface for maximum effect. Surface plots (5.2, 5.3 5.6-5.10) illustrated the interactive effects of the ultrasound regiments, amplitude and duty cycle (%), with the other extraction factors. Application of ultrasound with suitable pulse pause operations (duty cycle %) are more efficient than continuous sonication (Xu and Pan, 2013 ) and provided better sonication performance (Mitome and Hatanaka, 2002) . Low ultrasound intensities were considered because they are non-destructive for natural constituents (Raso et al., 1999) . The effects of amplitude and duty cycle revealed a proportional effect of increasing amplitude at low agitation speeds; that altered to a quadratic effect at higher agitation speeds. This implied that there was a negative effect of excessive turbulences that could have impacted the dissipation of cavitation bubbles in the solvent and reduced their impacts on the solid particles.
In this study, sonication time was fixed to 5 min to avoid ultrasound degradation by exceeding sonication time (Xu and Pan, 2013) , application of high frequencies (Achat et al., 2012) or by thermal impacts (Jacotet-Navarro et al., 2016) and the application of sonication in initiating extraction processes to facilitate the metabolite extraction (Seidel, 2012) . However protein degradation could have occurred due to other factors in the sonication process such as the high intensity of ultrasound at the probe tip (Veillet et al., 2010) or the increase of the enthalpy of denaturation by the aggregation phenomena (Chandrapala et al., 2011) .
Ultrasound intensity (UI)
To avoid the misleading of evaluating the ultrasound power efficiency only by the amplitude and duty cycle, the ultrasonic intensity (UI) was estimated in each experiment as in (Eq. (3)) (Boukroufa et al., 2015; Pingret et al., 2012) by employing the calculated sonication power in (Eq. (2)) and the change of solvent temperature through the sonication time (Carail et al., 2015; Sicaire et al., 2016) . With the application of low agitation speeds (200-800 rpm), UI ranged between 0.02 and 2.95 WÁcm -2 and at (Table 2 ). The effects of the extraction factors; temperature, agitation speed, amplitude and duty cycle on the ultrasonic intensity were studied and visualized (Figs. 6 and 7). Surface plots (Fig. 6) illustrated the interactive effects of these factors on the UI values with the application of agitation speed range (200-800 rpm). UI increased with the decrease of temperature and the increase of agitation speed. This might be due to the low vapor pressure at low temperatures that assured the violent collapse of the cavitation bubbles. The UI increased with the increase of both the amplitude and duty cycle until an optimum point was reached followed by a decrease in the intensification; this might be explained by that high amplitudes and excessive pulse durations caused the increase of the temperature which caused gentle collapses of the cavitation bubbles that attenuate the ultrasound efficiency (Santos et al., 2009) .
Surface plots (Fig. 7) illustrated alterations in the interactive effects of the extraction factors with the application of agitation speed range (800-1500 rpm) except for temperature. UI decreased with the increase of agitation speed that implied the negative impact of high turbulences. The increase of the amplitude caused an increase in UI until the optimum was reached and followed by a decrease. The increase of the duty cycle caused an increase in the UI which allowed more ultrasound energy to be dissipated as heat in the extraction system.
Further investigation employed CCCD models for the particle size, temperature and agitation speed ranges and UI instead of amplitude and duty cycle. Statistical results (Table 6) (10) and (11)) and the enhanced models (Eqs. (12) and (13)). The increase in R 2 pred values of the enhanced models illustrated higher capacity of predicting the protein yields (Y 1 and Y 2 ). 
Surface plots (Fig. 8) illustrated the interactive effects of UI with the other extraction factors on the protein yields for both agitation speed ranges. With the application of agitation speed range (200-800 rpm) the protein yield initially decreased with the increase of UI followed by an increase. The application of high agitation speed range maximized the effect of UI with other factor which contributed to the increase of protein yields. The effect of UI may be related to the overall temperature of the extraction system and the competence of high agitation speeds to cool down the temperature and dissipate the bubbles more efficiently than low agitation speeds.
SEM analysis
Structural changes in the samples were visualized by SEM images (Fig. 7) using a Hitachi-TM3030 tabletop microscope. The surface characteristics of E. longifolia powder were captured before and after sonication. The surface of the untreated powder were relatively smooth (Fig. 9.a) . Root powder treated with ultrasound illustrated morphological alterations after UAE (Fig. 9.b and .c). The images suggested two possible mechanisms that effected the raw material surface; the first was erosion depending of the morphological damage on the surface of the raw material and the second was sonoporation which was implied from the numerous pores in certain parts on the surface (Fig. 9.b) . The surface was observed with higher magnification (Fig. 9.c) that showed clearly what the two suggested mechanisms, sonoporation and erosion. Ultrasound effect could be a combination of more than one mechanism that is impacted by the nature of the raw material (Chemat et al., 2017b) . However, these findings suggested that the inner structure of the raw material could be impacted with different degrees of various mechanisms. This suggested further investigation on the impact of ultrasound on tissue level. The combination of these mechanisms seemed to cause the ultrasound enhancement of extraction rate by enhancing water accessibility (Chemat et al., 2017b) causing hydration followed by swelling and softening of the plant tissue (Pingret et al., 2013; Toma et al., 2001; Vinatoru, 2001 ) which improved solubilization (Chemat et al., 2017b) .
Experimental validation of the optimized conditions for the proteins yields and comparison with conventional extraction
Taking in account the significant factors and interactions, the corresponding enhanced models to both sets were used to estimate the extraction times. Conditions for maximizing the yield was estimated by the maximum desirability in Minitab 17. The predicted maximizing conditions for Y 1 were A: 0.022 ± 0.022 mm, B: 56°C, C: 897 rpm, D: 11 W and E: 63% with a UI: 2.26 WÁcm À2 and predicted maximum yield of 8.5102% while for Y 2 were A: 0.022 ± 0.022 mm, B: 49°C, C: 1314 rpm, D: 9 W and E: 63% with a UI: 2.94 WÁcm À2 and predicted maximum yield of 9.2317% after 5 min of sonication. Experimental results of the protein yield for Y 1(enhanced) was 8.341 ± 0.371% while for Y 2(enhanced) it was 9.543 ± 0. 946% (N = 5) after extraction for 5 min. Both results showed no significant differences (p < 0.05) which proved the validity of the designed model in this study. The significant of this study was demonstrated by a comparison by applying the optimum conditions of the UAE with the conventional heat assisted extraction (HAE) process. The conventional process conditions included all the factors of UAE except amplitude and duty cycle (%). The nearest yield value was between 36 min (9.471 ± 0.149%) and 38 min (9.761 ± 0.728) which was nearly 7 times the UAE extraction duration (Fig. 10) . The results proved the efficiency of UAE to decrease the extraction time. UAE is known to improve the extraction process with noticeable reduction of extraction time (Da Porto et al., 2013) for proteins (Preece et al., 2016) , which ultimately provides less time and energy (Chemat and Khan, 2011) . The yield of the extracted protein by UAE was approximately 60% of the total water extractable proteins (9% out of 15% of total protein). This amount of proteins was obtained after a short extraction duration (5 min), therefore, suitable modifications could be applied such as increasing extraction time to obtain more proteins.
Upscaling and industrialization applications
Industrial production of E. longifolia root extracts is highly demanded due to the massive consumption of commercial E. longifolia root products (Vejayan et al., 2013) . The upscaling of eurycomanone yield (3%) from laboratory findings to pilot and industrial scales have been experimented without regard to the thermosliable metabolites, at 100°C and above, either by experiments or stimulations (Abdul-Aziz et al., 2014; Athimulam et al., 2006) . However, this condition (100°C and above) was known to cause denaturation of the proteins (Kinsella, 1979) . The rising of the herbal -based phytochemical industry in Malaysia necessitate solutions to the drawbacks associated with this industrial sector to produce medicinal and food supplements with high quality. Products of E. longifolia are highly demanded in this herbal market which required the implementation of green extraction techniques instead of the conventional techniques, such as UAE, that could contribute to enhancing the yield, lowering the temperature and operating costs at short extraction durations (Achat et al., 2012; Boukroufa et al., 2015) in addition to other aspects such as protection of the consumer and the environment and enhancement of innovative industry practice Rombaut et al., 2014) . This study introduced an alternative and a promising method to extract proteins at optimum conditions that could be used to upscale the protein extraction process to pilot and industrial scales (Chemat et al., 2017a) which require industrial setups with larger solvent volumes and higher ultrasound powers (Chemat et al., 2017b) .
Conclusions
This study illustrated for the first time optimization process of extracting proteins from E. longifolia roots by UAE. The results showed that the effect of agitation speeds on the efficiency of the extraction process with the other four factors. The results also suggested that the extraction process was actually a combination of two criteria. The first was due to the agitation effect on the conventional factors. The variety in agitation speed affect the diffusion of the solutes from the particles and cooling the extraction temperature at high stirring velocities. From the two experimental sets, the parameters of the second enhanced model (Y 2 ) prevailed to be more efficient in protein recovery with optimum conditions of A: 0.022 ± 0.022 mm, B: 49°C, C: 1314 rpm, D: 9 W, E: 63% and UI: 2.94 W.cm -2 was 9.543 ± 0. 946%. High agitation speed didn't only affect the solvent properties, the diffusion of the solutes from the particles, cooling the extraction temperature, but influenced the distribution of cavitation bubbles and their impact on the solid particles. This implied that the extraction procedure was actually a dual extraction process of conventional and nonconventional method combined together. The study was compared with a conventional extraction process that employed the optimum conditions except the sonication. The UAE reduced the conventional extraction duration that reached approximately the same yield concentration of UAE around 7 times. Fig. 9 . SEM images of Eurycoma longifolia roots (pulverized), (9.a) Dry root before ultrasonic treatment (Â1.5 k), (9.b) Root after ultrasonic treatment (Â500) and (9.c) Root after ultrasonic treatment (1.5 k).
Fig. 10.
Comparison between UAE and HAE with a determined threshold of 9.543% protein yield.
